INTRODUCTION
============

With the increasing aging population, the development of diagnostic techniques for cancer and the increase of environmental exposure to carcinogens, the prevalence of multiple primary cancers has been increasing \[[@B1]\]. In East Asia, stomach cancer with a relatively higher incidence rate compared to cancer in other organs shows a high rate of multiple primary cancers, and it has been reported to be associated with colorectal cancer in many cases \[[@B2]\]. Studies in South Korea also have reported that the incidence of multiple primary cancers was the highest in stomach cancer \[[@B3], [@B4]\], and a current research on the incidence of multiple primary cancers in stomach cancer patients surgically treated in South Korea found that colorectal cancer occurred most frequently \[[@B5]\]. However, there have been only a few studies on the synchronous prevalence of stomach cancer and colorectal cancer, so more studies on its causes, mechanisms and differences by region are needed.

According to statistics of the Korean Ministry of Health and Welfare in 2007, stomach cancer was the most common in the country, and colorectal cancer ranked third and fourth in males and females, respectively \[[@B6]\]. Thus, the prevalence of stomach cancer and colorectal cancer is high in South Korea, and the country manages the types of cancer through the national cancer screening program. For colorectal cancer, the guideline for early detection of colorectal cancer enacted in 2001 recommends colonoscopy screening test from the age of 50 years for adults with no symptoms \[[@B7]\]. However, there is no criterion for colonoscopy in stomach cancer patients.

For the synchronous prevalence of stomach cancer and colorectal cancer, while the prevalence of stomach cancer is known to be lower or similar in patients with colorectal cancer in the West \[[@B8]-[@B10]\], a higher prevalence of colorectal cancer in stomach cancer patients has been continuously reported in the East \[[@B11]-[@B13]\]. Thus, studies on the prevalence of stomach cancer and colorectal cancer in the East and the West have shown conflicting results, which is closely related with genetic and environmental factors, but there have been nearly no studies on the synchronous prevalence of stomach cancer and colorectal cancer and its screening test. Therefore, this study aims to investigate the association of colorectal neoplasms in stomach cancer patients compared to normal people by comparing the prevalence of colorectal neoplasms between persons with and without stomach cancer and to determine the usefulness of colonoscopy as a screening test to detect colorectal neoplasms in stomach cancer patients.

METHODS
=======

In this study, 123 patients, who were diagnosed as having stomach cancer through upper gastrointestinal endoscopy at Gyeongsang National University Hospital from July 2005 to June 2010 and who underwent colonoscopy within six months from the diagnosis, were included as the stomach cancer group. Among persons without stomach cancer in the upper gastrointestinal endoscopy for the same period and taking colonoscopy within six months, 246 persons matching the gender and the age distributions of the stomach cancer group were selected as the control group. In the stomach cancer and the control groups, persons with history of stomach or colorectal surgery, history of colonoscopy within the last five years or colonoscopic polypectomy, family history of colorectal cancer, infectious intestinal disease, or colon metastasis from stomach cancer and persons whose whole large intestine could not be observed in colonoscopy were excluded in this study.

With the subjects, their gender, age, diabetes, smoking, drinking, body mass index (BMI), administration of aspirin or non-steroid anti-inflammatory drugs (NSAIDs), findings of upper gastrointestinal endoscopy and pathological results, findings of colonoscopy and pathological results, and stomach cancer stage were retrospectively investigated with their medical record. Around 77.0 to 93.8% of the data could be obtained from the medical records.

Because gender, age, diabetes, smoking, drinking, BMI and the administration of aspirin or NASIDs can affect the incidence of stomach cancer and colorectal cancer, their correlations with stomach cancer and colorectal neoplasms were analyzed through a multiple regression analysis after revising them statistically in the stomach cancer and the control groups. The staging of stomach cancer was based on the American Joint Committee on Cancer (AJCC) cancer staging manual, sixth edition \[[@B14]\], and only histological stomach adenocarcinomas were investigated in this study.

Colorectal adenomas were divided into villous, tubulovillous and villous adenomas based on the results of the pathological examination and were classified into less than 5 mm, 5-9 mm and over 10 mm based on size. For the location of the colorectal neoplasm, the right colon, the left colon and the rectum were defined as from the caecum to the spleen flexure, from the descending colon to the sigmoid colon, and lower than the rectosigmoid junction, respectively. The number of colorectal neoplasms was divided into 0-3, 4-6, and 7 or more than 7.

All statistical analyses were conducted with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). The statistical significances of continuous and categorical variables were analyzed with the independent t-test and the chi-square test, respectively. To calculate the odds ratio of advanced colorectal neoplasms, a multiple regression analysis was utilized by revising drinking, smoking, BMI, diabetes and the administration of aspirin or NSAIDs with a 95% confidence interval. Statistical significance was determined as a P value of less than 0.05.

RESULTS
=======

Clinical characteristics of the stomach cancer and the control groups
---------------------------------------------------------------------

The mean age of the subjects was 62.1 ± 12.7 years, and males accounted for 69.9%. Because the subjects in the control group were selected by matching their gender and age to those of the stomach cancer group, there were no differences in gender and age between the two groups. The rate of smokers was significantly higher in the stomach cancer group than in the control group, being 43.1% (50/123) and 24.3% (53/246), respectively (P \< 0.001). BMI, drinking, diabetes and the administration of aspirin or NSAIDs did not show any significant differences between the two groups ([Table 1](#T1){ref-type="table"}).

Prevalence and characteristics of colorectal neoplasms
------------------------------------------------------

The prevalences of colorectal neoplasms were 35.8% (44/123) and 17.9% (44/246) in the stomach cancer and the control groups, respectively, and the prevalence in the stomach cancer group was significantly higher ([Table 2](#T2){ref-type="table"}). When a multiple regression analysis was performed by revising BMI, diabetes, smoking, drinking and the administration of aspirin or NSAIDs in the two groups, the prevalence of colorectal neoplasms was higher in the stomach cancer group than in the control group (odds ratio \[OR\], 3.10; 95% confidence interval \[CI\], 1.71 to 5.63). In particular, the odds ratio of the stomach cancer group to the control group was 3.54 in subjects aged over 50 years, so their prevalence of colorectal neoplasms was higher compared to that in subjects aged less than 50 years.

Comparison of the location of the colorectal neoplasm between the two groups found that the rate in the right colon (45.5%) was higher than that in the left colon (36.4%) in the stomach cancer group while the rates in both the right colon and the left colon were the same, 43.2%, in the control group.

For the size of a colorectal neoplasm, neoplasms with sizes of less than 5 mm, 5-9 mm, and 10 or more than 10 mm accounted for 47.7%, 27.3%, and 25.0%, respectively, in the stomach cancer group and 52.3%, 27.3%, and 20.5%, respectively, in the control group, but this difference was not statistically significant. The distribution of the number of colorectal neoplasms also was not significantly different as the rates of 0-3, 4-6, and 7 or more than 7 were 84.1%, 13.6%, and 52.3%, respectively, in the stomach cancer group and 90.9%, 6.8%, and 2.3%, respectively, in the control group. The pathological results for the colorectal neoplasms were villous, tubulovillous and villous adenoma and colorectal cancer in 79.5%, 2.3%, 11.4%, and 6.8% of the stomach cancer group, respectively, and in 86.4%, 6.8%, 6.8%, and 0.0% of the control group, but the difference between the two groups was not statistically significant.

Prevalence of colorectal neoplasms by stomach cancer stage
----------------------------------------------------------

The stage of stomach cancer was found to be stage 1, 2, 3, and 4 in 59 (51.8%), 21 (18.4%), 12 (10.5%), and 22 (19.3%) patients, respectively, and the prevalence of colorectal neoplasms in stage 1, 2, 3, and 4 showed no significant difference, being 35.6% (21/59), 23.8% (5/21), 25% (3/12), and 50% (11/22), respectively ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The reported correlations between stomach cancer and colorectal cancer are inconsistent \[[@B15]\]. According to many studies in the West, the prevalence of stomach cancer was lower or similar in colorectal cancer patients than in the general population \[[@B8]-[@B10]\]. However, current research in Asian has reported that the prevalence of colorectal cancer is higher in stomach-cancer patients and studies conducted in South Korea have also found that the prevalence of colorectal cancer is higher in patients with stomach cancer \[[@B11], [@B12]\]. Therefore, the epidemiological correlation of the synchronous prevalence of colorectal cancer in stomach-cancer patients has not been determined clearly, and more studies are clearly necessary.

One hypothesis to explain the correlation between stomach cancer and colorectal cancer is their genetic correlation. *APC*, *p53* and K-ras are already known to show the same genetic changes in stomach cancer and colorectal cancer \[[@B16]-[@B18]\]. Genes of hMSH2 and *hMLH1* play a critical role in repairing the base pair mismatch found during DNA replication, and the changes of these genes, which are observed in 50% of hereditary nonpolyposis colorectal cancer patients, are important in the incidence of hereditary nonpolyposis colorectal cancer. In addition, as similar changes are shown in 10-15% of sporadic stomach cancer and colorectal cancer, the possibility of genetic mutation of *hMSH2* and *hMLH1* can be pointed to as a common genetic change in stomach cancer and colorectal cancer \[[@B19]\]. Microsatellite instability is caused by abnormality of the DNA mismatch repair pathway, and it is observed in 90% of hereditary nonpolyposis colorectal cancer patients, playing an important role in its incidence \[[@B20]\]. Moreover, microsatellite instability is shown in 18% of stomach cancer patients, 13-17% of colorectal cancer patients and 50% of multiple primary gastrointestinal cancer patients, so it is known to be closely related with the incidence of multiple primary gastrointestinal cancers \[[@B12], [@B19]\].

Another hypothesis is related with environmental factors, which means that factors of infectious disease, such as hyperglycemia, lipid foods, lack of fiber, obesity, smoking and JC virus (JCV) are at work in both stomach cancer and colorectal cancer patients \[[@B21]-[@B27]\]. Smoking was reported to be significantly related with malignant colorectal tumors with *p53* expression and colorectal tumors with *APC*, K-ras and *p53* transverse mutations \[[@B28]\]. In addition, *p53* gene mutation was reported to be observed significantly more in smokers compared to non-smokers \[[@B29]\]. For obesity, the relative risks of colorectal cancer were high, being 1.5-2.0 and 1.2-1.5 in males and females, respectively, and a similar relation was found in colorectal adenomas. Another study said that obesity was related with an adenocarcinoma of the gastric cardia \[[@B30]\]. Obesity provokes hyperinsulinemia, and insulin is known to work as a growth factor in the large intestine so that hyperglycemia plays a role as a risk factor of colorectal cancer through this mechanism \[[@B30]\]. This study analyzed these environmental factors by reflecting them in the clinical characteristics of the two groups. While BMI, diabetes, drinking and the administration of aspirin or NSAIDs were not significantly different between the two groups, the rate of smokers was significantly higher in the stomach cancer group than in the control group. However, when the prevalences of colorectal neoplasms in the two groups were analyzed by revising these variables through a logistic regression analysis, they were found not to influence the results of this study. As a finding that viral infectious disease caused by JCV or one of the polyoma viruses could lead to stomach cancer and colorectal cancer has been reported, the possibility for an infectious disease like one caused by JCV to contribute to both stomach cancer and colorectal cancer is also suggested \[[@B25]-[@B27]\].

A colorectal adenoma is a pre-stage lesion of cancer. A study of Chung et al. \[[@B31]\] in South Korea reported that the prevalence of colorectal adenomas increased at older ages, being 10%, 22%, and 33% in the subjects in their 30s, 40s and 50s, respectively, and the overall incidence of colorectal adenomas is currently increasing. In this study, the prevalences of colorectal neoplasms were 35.8% and 17.9% in the stomach cancer and the control groups, respectively, and the prevalence for all subjects was not much different from that in previous studies (23.8%, 88/369) ([Table 2](#T2){ref-type="table"}). When colonoscopy was conducted within six months in stomach cancer patients, the prevalence of colorectal neoplasms was significantly higher compared to persons without stomach cancer, and the risk of colorectal neoplasms was higher in subjects aged over 50 years with an odds ratio of 3.54 (95% CI, 1.80 to 6.98) than in those aged less than 50 years. This finding emphasizes the necessity of colonoscopy screening test in persons over 50 years of age. In addition, the prevalence of villous adenomas, which is more likely to progress to colorectal cancer compared to villous adenomas, was higher in the stomach cancer group than in the control group, and the prevalence of colorectal cancer also tended to be higher in the stomach cancer group. That supports the necessity of screening through colonoscopy in stomach cancer patients.

In comparison with previous studies on the synchronous prevalence of stomach neoplasms and colorectal neoplasms performed in Korea \[[@B11], [@B12], [@B32]\], the prevalences of overall colorectal adenomas were similar, and the finding that the prevalence of colorectal adenomas was higher in the stomach neoplasm group was consistent except for some regions. However, the subjects of this study were different from those of other studies as most of the subjects in this study were from rural areas mainly in Western Gyeongnam. Their mean age was comparatively old, 62.1 ± 12.7 years, the rate of smokers in the stomach cancer group (43.1%) was much higher, and the prevalence of diabetes was higher (stomach cancer group: 12.2% vs. control group: 13.9%). Moreover, more fiber intake due to the diet, which following the rural geographical characteristics around Jiri mountain in western Gyeongnam, is also thought to have affected the incidence of colorectal neoplasms. However, genetic factors have not been studied until now, and this study did not investigate them either, so future studies on them are necessary. Although this study included more elderly population and showed a higher prevalence of diabetes and a higher rate of smokers compared to other studies, its results were not largely different from those of previous studies in South Korea because other factors, including fiber intake, exposure to carcinogens and genetic predispositions, work together in a complex way. The analysis under the hypothesis that the prevalence of colorectal neoplasms would go up at a higher stomach cancer stage, did not find any significance, which needs to be confirmed through more studies.

As limitations of this study, it was a retrospective study using medical records, and its subjects were limited to western Gyeongnam. Prospective studies in various regions with more cases are necessary.

Stomach cancer and colorectal cancer are common in South Korea, and screening tests for them have been performed as a part of the national cancer screening program. Although studies on the correlation between stomach cancer and colorectal cancer have been reported continuously and the awareness of the necessity of colonoscopy screening test in stomach cancer patients has increased, clear guidelines on it have not been suggested. This study found that the prevalence of colorectal neoplasms was higher in stomach cancer patients than in the control group, and this finding suggests that colonoscopy as a screening test for colorectal neoplasm is needed in patients diagnosed as having stomach cancer.

The results of studies on the synchronous prevalence of colorectal neoplasms in stomach cancer patients are conflicting and their correlation is controversial. Therefore, we conducted this study to determine that correlation and found that the prevalence of colorectal neoplasms was significantly higher in the stomach cancer group than in the control group. Thus, colonoscopy as a screening test for colorectal neoplasms is certainly considered to be necessary in stomach cancer patients.
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Basal characteristics of the patients and the control group
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Values are presented as mean ± SD or number (%).

BMI, body mass index; NSAIDs, non steroid anti-inflammatory drugs.
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Prevalence and characteristics of colorectal neoplasms
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The values were adjusted with age, body mass index, smoking, alcohol, diabetes, and use of aspirin or non-steroid anti-inflammatory drugs.

^a^Values are presented as odd ratio (95% confidence interval).
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Prevalence of colorectal neoplasms according to gastric cancer stage
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Values are presented as number (%). Stage of gastric cancer was classified in accordance with AJCC cancer staging manual, 6th ed.
